With the use of silicon micromachining an inorganic membrane sieve for microfiltration is constructed, having a siliconnitride membrane layer with thickness typically 1 pm and perforations typically between 0.5 pm and 10 pm in diameter. As a support a <lOO>-silicon wafer with openings of loo0 pm in diameter is used. The thin siliconnitride layer is deposited on an initial dense support by means of a suitable Chemical Vapour Deposition method (LPCVD). Perforations in the membrane layer are obtained through the use of standard microlithography and reactive ion etching (RIE). The flow rate behaviour and the pressure strength of the membrane sieve are calculated in a first approximation. A process for manufacturing is presented and some industrial and biomedical applications are discussed.
Introduction Sieve Filters Sieve filters are characterized by thin membrane layers with uniformly sized pores and for most applications the membrane layer is sustained by a support. Until now lithographic techniques have not been used for the construction of micro filtration membrane layers made of inorganic materials as siliconnitride and silicon1. Inorganic membrane and in particular ceramic membranes* have a number of advantages above polymeric membranes like high temperature stability, relative inert to chemicals, applicable at high pressures, easy to sterilize and recyclable.
However they have not been used extensively because of their high costs and relatively poor control in pore size distribution. Also the effective membrane layer is very thick in comparison to the mean pore size (typically 50 -loo0 times), which resiluts in a reduced flow rate.
A composite filtrationmembrane having a relatively thin filtration or sieving layer with a high pore density and a narrow pore size distribution on a macroporous support will show good separation behaviour and a high flow rate. The support contributes to the mechanical strength of the total composite membrane. The openings in the support should be made as large and numerous as possible in Handbook of Industrial Membrane Technology, LPorter, C.Mark and H. Strathmann, 1990 Ceramic Membranes Growth Prospects and Opportunities, K.K. Chan and A.M. Brownstein, Ceramic Bulletin, vol70, 703-707, 1991 order to maintain the flow rate of the membrane layer and to reduce the interaction of the support with the fluid. An established use of inorganic membranes with very thin membrane layers, in particular microsieves with high flow rates, will result in an energy-and cost-saving separation technology for present and future innovative applications, like micro liquid handling, modular fluidic systems or micro total analysis systems3. pm. The mutual distance between the centre of the perforations is 10 pm. After exposure the lacquer layer 3 is developed for 45 seconds in a diluted NaOH solution giving a mask pattem in the laquer layer 4 on the siliconnitride layer 2, figure 3. In the siliconnitride layer 2 then the mask pattern is etched by means of CHF3/02 reactive ion-etching at 10 mTorr and 75 Watt for 15 minutes forming the perforations 5 in the membrane layer, figure 4. Next perforations 6 of 1000 pm x 1000 pm are etched using the backside siliconnitride layer 2 as an etch mack in the silicon support 1 with an anisotropic etch along the <111>-planes with a 10 % KOH solution at 70 "C until the membrane layer is reached, figure 5. Deflection and Pressure Strength of a Clamped Rectangular Membrane The deflection curve w(x) of a rectangular plate with dimension 1 b h clamped at two edges x = 0,I stretched by an axial distributed force S and uniformly loaded under a pressure 9 is given by the well known differential equation
with flexural rigidity D =-Eh3
-3)
(Y= Poisson's ratio, E = Young's modulus).
The general solution symmetrical in x = 1 / 2 following Timoshenko4 is given by with definition u2=SI2/4D
z-axis The points of inflection (d2w/dx2 = 0) of the deflection curve are determined by the dimensionless parameter U . For small values U < < 1 the inflection points are almost independent of U and given by
At a large axial force S the points of inflection will move toward the edges. For U >>1 these points are located at x = 5 ?(!A-%).
For very thin plates or membranes U will be already large at moderately values of the axial force S.
The general solution is fully determined by the constants 0, S and 9. For large deflections the axial force S will increase due to elastic extension AI of the plate clamped between the edges. We will show that S may be expressed as a simple function of D,9, I and v in the limit for large values of U . In this limit S is still a constant(dependent only on other constants) and is independent on x , so the deflection curve w 
Alternatively wmax is determined by the deflection curve, for U >>1 at x = l/2, wmax = q12/32u2D. For large deflections the inflection parameter uo related to the initial axial force density S may be neglected, i.e. u>>uo, hence the following relation is found for U $1 -G)2q*18
The maximum deflection wmax at x =1/2 is given by
The constant tensile stress in the plate is then estimated for large values of U >> 1 and the maximum bending stress at the edge of the membrane is estimated by The above expressions are valid for a rectangular plate clamped at two edges, and may be valid for a thin membrane plate under a substantial load at large deflections wmax/k > 1.
The actual case to be considered here is a rectangular membrane clamped at all four edges. With the principle of virtual work Timoshenko5 has calculated the deflection wo of the center of a square membrane clamped at four edges From recent data7 the intrinsic tensile stress uo in a siliconnitride membrane with thickness 1 pm ranges from 0.8 to 1.6 x l@ Pa. The maximum tensile stress oyield before fracture o m s is for siliconnitride about 1.4 x 1O1O Pa. The intrinsic tensile stress may according to the above safely be neglected in calculating the maximum pressure 9max before fracture occurs (u>>u0). Using Young's modulus E for siliconnitride 3.85 x 10l1 Pa and Y = 0.25 we find qmax = 15 bar for a dense square siliconnitride membrane with length I = 1000 pm. 'l'he inflection parameter then is U = 160. The inflection points of the membrane arc then located at 16 pm from the edge.
For a perforated membrane above equations may be used choosing a different value for E and ayield. In a first order approximation both E and ayield a r e smaller and proportional with the unperforated fraction of the membrane8. This will result in a Industrial and Biomedical Applications A microsieve with perforations essentially of one size will have potential many interesting applications, like absolute sterile filtration, critical cell-cell separation and cell deformability tetsts. Depending on the specific application bio or blood compatible materials should be used for the construction of the membrane or at least a suitable coating should be provided on the used membrane surfaces e.g. teflon or titaniumnitride. Interesting applications are possible whenever the membrane layer has a thickness that is smaller than the pore diameter, typically between 0.5 pm and 5 pm. This is particularly usefull if stresssensitive particles or cells with a high flux should be filtered against bigger particles. Some cells, e.g. erythrocytes, will show an enhanced stiffening of their cell-wall whenever they enter narrow perforations, which are longer than their cell diameter, and will stick inside these perforations or release their cell content, e.g. blood platelets. An interesting application may be leukocyte removal from erythrocyt or blood platelet concentrates. A blood compatible microsieve with perforations between 2 and 5 pm in diameter may retain the remaining leukocytes, while the eryhtrocytes and/or bloodplatelets will permeate without much hemolysis or bloodplatelet activation, figure 9. 
